Leopards (Panthera pardus) are a poorly understood, solitary felid, and additional study could provide novel insights into both evolution and conservation management. We studied the reproductive biology of 7 adult female and 2 adult male leopards on Karongwe, South Africa, from 1999 to 2005. We intensively researched copulatory biology from 2001 to 2003, during which we observed 19 consortships and 4,855 copulations (1,809 copulations visually) during 2,449 h of following consort pairs. Leopards copulated on average 4 times per hour, with an average of 256 copulations per consortship. Conception rate was low, resulting, on average, after 2.3 consortships (SE 5 0.4 consortships). All reproductive parameters except gestation length were shorter than those in published literature, which we suspect reflected a facultative response to superabundant resources. Although females produced the expected 1.6 cubs per year, lifetime reproductive rates on Karongwe Reserve were approximately half that reported elsewhere due to lower female survival resulting from intraspecific factors. These results offer encouragement for founding new populations of endangered felids in areas of high prey availability and resource abundance, provided factors affecting population regulation can be managed.
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Reproductive behaviors and mechanisms underlying reproductive success are particularly important because fitness is fundamentally a function of fecundity. The study of reproduction is therefore crucial to conserving species, populations, and indirectly to the vitality of entire ecosystems (Holt et al. 2003) . Reproductive mechanisms are little understood in most species, with the exception of domestic livestock, a few other vertebrate species, and laboratory animals (Holt et al. 2003) . Because of the secretive behavior of large felids and the difficulty in obtaining visual observations, little is known of their basic reproductive parameters. Copulatory behavior of leopards (Panthera pardus) has been the subject of little comprehensive research. Published accounts include a single mounting (Holt et al. 2003; Schaller 1972 ), a brief glimpse of a copulating pair (Hamilton 1976) , and 13 copulations during one-half hour in the Serengeti (Laman and Knott 1997) . Although reproductive parameters (estrous cycle, gestation, lactational anovulation, and puberty) are better understood, published results are restricted to a handful of studies (Bailey 1993; Le Roux and Skinner 1989; Schaller 1972) . Several captive studies at zoos have been undertaken (Eaton 1977; Sadlier 1966; Schmidt et al. 1979; Shoemaker 1983) , but none of these contain sufficient data on reproduction to provide conclusive insights into copulation and reproductive output.
It generally is accepted that 8 subspecies of leopard exist (Wozencraft 2005) . All are considered endangered or extinct with the exception of Panthera pardus pardus, which is widespread over nearly all of Africa south of the Sahara and over the greater part of southern Asia, including the Malayan peninsula and Java. Historically, population declines were due to hunting for the fur trade. Currently, hunting of the species continues, and populations are threatened by habitat loss and fragmentation due to land conversion for agriculture and urban development (Daly et al. 2005) .
Comprehensive reproductive data of this subspecies (P. p. pardus) under changing environmental conditions can be used to enhance management and conservation programs designed w w w . m a m m a l o g y . o r g to maximize genetic diversity and minimize inbreeding of critically endangered subspecies (Reed et al. 2002) . These data would also be useful in developing models of population viability in South Africa and developing management plans (e.g., Balme et al. 2009 ). Here, we provide a comprehensive description of the reproductive biology of leopard. Our specific objectives were to understand the mating system of leopards, and to define the reproductive parameters of a leopard population.
MATERIALS AND METHODS
Study area.-Fieldwork was conducted on the 85-km 2 Karongwe Private Game Reserve, Limpopo Province, South Africa (24u139S, 30u369E). The reserve was formed in 1998, and a 2.4-m-high electrified game fence was erected around the reserve perimeter. Elevation in the reserve varies from 520 m above mean sea level in the west to 489 m above mean sea level in the east. Karongwe is located within the savannah biome (Rutherford and Westfall 2003) and lies within the Mixed Lowveld Bushveld (Low and Rebelo 1998) . The study area was characterized by hot, rainy summers and warm, dry winters, with an average annual precipitation of 487 mm. The main function of the reserve is ecotourism, with several charismatic wildlife species present. Carnivores that were introduced include the lion (Panthera leo), cheetah (Acinonyx jubatus), wild dog (Lycaon pictus), and spotted hyena (Crocuta crocuta), with 12 ungulate prey species available. The leopard was the only large carnivore species that was not introduced to the reserve because it was already present. We calculated the Karongwe herbivore mean biomass, according to Coe et al. (1976) ) at which the herbivore biomass should be stocked and the predicted maximum (3,681 kg/km 2 ) that should not be exceeded (Coe et al. 1976) . Even the lowest herbivore biomass on Karongwe (2005: 3,703 kg/km 2 ) was above this maximum stocking rate. Capture methods.-Our study, conducted from June 2001 to July 2003, was part of a larger study on leopards conducted over a 6-year period from September 1999 to August 2005. We used the minimum count method with recognizable individuals, in conjunction with territorial mapping in the global information system ArcGIS 9.3 (Environmental Systems Research Institute, Redlands, California), tracks, and radiotelemetry to determine population size (Kunkel et al. 2005) . This was calculated as the sum of all marked or recognizable individuals, plus those unmarked animals known to exist (Hamel et al. 2006 ). Through time we were able to acquire an estimate of the total population size using a combination of radiotelemetry, natural markings, and tracks. Numbers of unmarked animals in the study were relatively easy to assess, because both male and female leopards are territorial (Garshelis 1993; Mech 1986 ).
Leopards were captured by free darting from a vehicle using a Dan-inject rifle JM Spl.CO 2 (Dan-Inject; ApS Sellerup Skovvej, Børkop, Denmark). A tiletamine-zolazepam combination at 4-6.5 kg/mg (ZoletilH 100; Virbac RSA, Halfway House, Johannesburg, South Africa) was used, and leopards were fitted with Telonics SB2 VHF transmitters (Telonics, Mesa, Arizona) constructed by AWF (Africa Wildlife Tracking, Pretoria, South Africa) into radiocollars weighing approximately 400 g.
During sedation subjects were sexed; reproductive characteristics noted (Mech et al. 1993) ; age estimated by examining body characteristics (Turnbull-Kemp 1967) , dentition, and tooth wear (Stander 1997) ; and paws measured. Age also was based on behavioral observations; that is, females traveling with cubs, scent marking, and other territorial behaviors associated with adults or newly established subadults. Individuals that were not radiocollared were identified by spot patterns on the face and neck and facial features, such as scars and tears in the ears (Miththapala et al. 1989) .
We distinguished 4 different age classes, including cubs 0-12 months, subadults 12-36 months, mature adults 3-10 years, and old adults . 11 years of age (Stander 1997) . For example, prior to having cubs, females had short pink nipples and thus were estimated at 30-36 months old (Turnbull-Kemp 1967) . Although leopards were aged using recognized aging techniques (Stander 1997; Turnbull-Kemp 1967) , additional information from territorial movements and known reproductive history also were used to obtain an accurate estimation of adult age. Estimated age might have been accurate within 6 months, but we could ensure the identification of the females' 1st litter with a high degree of certainty in 4 of 7 females. To help age leopards, reproductive characteristics were noted. If it was not possible for the attending veterinarian to assess accurately if females were pregnant during sedation, it was established through deduction from copulatory behavior pre-and postsedation and postsedation signs of localization (female leaving and returning to the same location).
Using calipers accurate to 1 mm, paws of sedated individuals were measured, and any unusual structures on the paw were recorded to help identify individuals from tracks. Length was measured from toe to pad across the longest part of the paw. Width was measured from toe to toe across the widest part of the paw, and a pad was measured from the top to the bottom. A database of tracks and locations was used to identify unknown individuals. Ecotourism guides, trackers, and researchers monitored roads daily for tracks. Researchers relocated any identified tracks and measured them in firm soil with a light covering of dust; anything softer caused track size to appear larger and was not measured. Only tracks that could be identified as front or back foot, and left or right, were measured. This allowed tracks (e.g., front, left track) of any 2 leopards to be compared for territorial information. Procedures used to handle subjects complied with guidelines established by the American Society of Mammalogists (Animal Care and Use Committee 1998) .
Using 3 vehicles and 9 researchers, we attempted to locate each radiocollared leopard twice daily (0500-0900 h and 1600-2000 h) throughout the study period to obtain visual observations. Location was recorded to the nearest 20 m using a handheld global positioning system (Garmin, Olathe, Kansas). If a visual observation was not possible, we used the squelch on the telemetry receiver to estimate direction and distance, and a 2nd reading was taken directly opposite of the estimated position of the animal to improve accuracy.
Copulatory behavior.-We used visual cues (head rubbing and excessive rolling) and vocalization (sawing call) as an indication of the onset of estrus, which typically began several days prior to association with a male (Smith and McDougal 1991) . We defined consortship as a male and female associating and copulating (Sadlier 1966) . When telemetry signals indicated that male and female leopards were together and visual observation was not possible, we used the postcopulatory roar as an indication that copulation had occurred (Hancock 2000) . When 1 of the leopards was not collared the postcopulatory roar was used as an indication that copulation had begun, which was confirmed later through visual observation. Postcopulatory roars are distinguishable from other leopard vocalizations; males emit the roar just before dismounting the female after copulation (Hancock 2000) . Postcopulatory roars are probably emitted during ejaculation, as they are not emitted during false copulations (i.e., male mounts female without penetration). We recorded the number of consortships until conception. Copulating leopards were interrupted by humans, other female leopards, and by lions. Human-interrupted consortships, when a female was darted during copulation, were excluded when calculating the number of copulations to conception.
Reproductive parameters.-Leopards were observed to be polyestrous (cycle regularly until conception), a reproductive characteristic also observed in the domestic cat (Felis catus) (Concannon et al. 1989 ) and lion (Packer and Pusey 1983) . We measured interestrous intervals from the last day of copulation to the 1st day of the next copulation period. Interestrous intervals of 32.9 days have been recorded (Bailey 1993) , and females were monitored more intensively for visual copulatory clues prior to the next copulation period. Gestation length was measured from the 2nd-to-last day of mating to the day the female became localized (female leaves from, and returns to, the same place), suggesting denning behavior (Herron 1986 ). We calculated interbirth intervals for those litters where .1 cub survived to disperse (i.e., 10-12 months) as the number of days between consecutive births. We estimated cub birth date as the day after the female became localized for a week, approximately 90 days after the last observed estrus, and with no further copulations (Smith and McDougal 1991) . We calculated seasonality of consortship, conception, and birth. Distribution of conceptions was compared to a random expectation of equal occurrence in each month of the year, using a Kolmogorov-Smirnov 2-sample goodness-of-fit test (Z-Sokal and Rohlf 1981) .
Reproductive success.-We estimated the reproductive rate of a female leopard as mean litter size/mean birth interval (Kerley et al. 2003) , total lifetime productivity (total number of cubs produced in a lifetime -Sunquist 1981) , and total number of young surviving their 1st year (total lifetime reproductive success-Clutton-Brock 1988). To estimate total lifetime productivity we assumed that female leopards are reproductively active for 9 years from 3 to 12 years old.
Intensive copulatory behavior study.-From June 2001 to July 2003 we undertook an intensive study of copulatory behavior during 19 consortships. From the onset of the copulatory period a vehicle with 2 observers remained with the consorting leopards 24 h/day, rotating in 6-h shifts until the leopard pair separated 2-4 days later. During visual observation we recorded number and initiator of copulations, copulation duration from purr and from the time of mounting to dismount, start and end times of the roar, whether the female rolled postcopulation, postmating aggression, unusual vocalizations such as snarls and calls and associated behavior (Hancock 2000) , false copulations, and distance moved after copulation. When visual contact was interrupted, the copulatory roar was used as a reliable indicator of copulatory frequency.
For all animals, we recorded leopard mortality as confirmed with recovery of a carcass, radiotracking device, remains of a leopard, or disappearance of cubs younger than 8 months of age. Mortality was suspected when old leopards were no longer observed or when regularly viewed adult females that copulated previously with the resident male ceased to copulate and were no longer observed. All statistical analyses were conducted using SPSS 15 (SPSS Inc., Chicago, Illinois).
RESULTS
Population size of leopards varied from 6 to 25 animals (including young) across the years of the study, with an average of 16 leopards per 85 km 2 (SE 5 2.6 leopards). Population size increased from 2000 (13 individuals, 3 territorial females) to 2003 (25 individuals, 6 territorial females). During this time only 1 adult female was suspected to have died from natural causes, because she was no longer seen, and her subadult female offspring replaced her as the territorial female. In 2005 1 female died during same-sex territorial clashes, 2 females were killed by the new male after a territorial takeover, and 2 subadult, recruited females and 3 cubs also were killed by the same male.
Ten leopards (3 adult males, 6 adult females, and 1 juvenile female) were immobilized; however, because of technical complications with radiocollars we report reproductive data on 2 collared adult males, 5 collared adult females, and 2 uncollared adult females. The territory of the breeding male (M1) encompassed the majority of the 85-km 2 area. Any additional subadult and adult males within the area were confined to small areas (,7.5 km 2 -C. Owen, pers. obs.) and were in constant conflict with the breeding male until they either dispersed or were killed. Three successive breeding males occupied the reserve from 1999 to 2005. The breeding male (M0) present in 1999 was last seen in May 2001 just before the intensive reproductive study began. Three months later a resident subadult male (M1) became the breeding male at an estimated age of 3.5 years. M1 died in August 2004, and M4, a mature male estimated to be 5.5 years old, entered the reserve (October 2004) and became the breeding male. Neither M0 nor M4 were habituated, making reproductive data difficult to collect. Additional adult and subadult males also were monitored for reproductive activity.
Copulatory behavior.-Females regularly came into estrus and during 13 consortships followed the male out of their own territory as he moved around the reserve, whereas 9 times they remained in the female's territory for the duration of the consortship. When M1 was the breeding male 2 other adult males in his territory (3-4 year olds) never were seen copulating within the reserve. On 1 occasion a female located another male outside M1's territory when M1 was not present. F3 copulated over a period of 86 h with M1 in F6's territory. F6 chased F3 away, and M1 and F6 proceeded to copulate for 26 h, after which F3 and M1 resumed copulation over a 3-h period. F6 and M1 then renewed copulation over an 11-h period until M1 made a kill and F6 searched for M3 (4 years old). Although the pair (F6 and M3) remained together for 24 h, no copulations took place despite continued attempts by the female. M3 had begun scent marking 4 months previously and was sexually mature. M3 was permitted to remain only in a small portion of M1's territory, and the 2 equally sized males were in constant conflict. Competition intensified, and the younger male was chased out of M1's territory and the reserve 4 months later.
Intensive copulatory study.-During the intensive copulatory study we followed consorting pairs for 2,449 h. We observed 19 consortships, which included 4,855 copulations (1,809 copulations visually observed; Table 1 ). During consortship pairs walked and copulated, on average, over a period of 68 h (SE 5 4.6 h, range 32-99 h, n 5 19 consortships; Table 1 ). Females initiated 97% (n 5 1,531) of the 1,585 observed copulations where the initiator was visible, and when the male initiated copulation, he approached a female and she presented herself in lordosis. False copulations (n 5 33) were identified during 1.8% of observed copulations (2.8 times/ consortship, range 5 0-6 times/consortship). In all cases males mounted females but did not penetrate or roar. Females immediately resumed wasping (the female moves back and forth in front of the male enticing him to mate) and the males remounted, completing penetration and copulation, followed by the mating roar and dismount.
Of 43 consortships, 16% were interrupted by humans to collar individuals. Of the remaining 36 consortships, 31% resulted in conception. Each conception occurred after a mean of 2.7 consortships (SE 5 0.4 consortships, range 1-6 consortships; Tables 1 and 2 ). Natural interruptions of the consorting pairs occurred on 2 occasions by lions and on 3 occasions by other female leopards. No interruptions were caused by other male leopards. A dash (-) indicates that data were not available because these individuals were not collared, collars were faulty, or the litter did not reach maturity and was not included in the calculations.
c # 5
Female died pregnant; litter data were not available.
Cubs died before they could be sexed.
Reproductive parameters.-Mean interestrous period averaged 22.5 days (SE 5 1.6 days, range 10-48 days, n 5 28), and gestation averaged 95.5 days (SE 5 0.9 days, range 89-98 days, n 5 10; Table 2 ). After successfully raising a litter a female leopard mated again when cubs, on average, were 10 months old (SE 5 0.5 months, range 9-13 months, n 5 10; Table 2 ). Cubs attained independence as determined by detachment from the female at 11.6 months (SE 5 0.4 months, range 11-13 months, n 5 7; Table 2 ).
In 3 consecutive years of study 100% of females produced cubs, and the mean population birth rate was 15.8% per year, with a minimum of 19 cubs born over 3 years (excluding cubs that died before observation). In the 3rd year 2 females lost litters and remated; however, it was not possible to calculate how soon it was after losing the cubs that the females mated, because the date cubs died was not known (Table 2) .
Mean interbirth interval of leopards was 14 months (SE 5 0.6 months, range 12-16 months, n 5 5; Table 2 ), based on 15 litters of seven females from 2001 to 2005. Mean litter size was 1.7 cubs (SE 5 0.1 cubs, range 1-2 cubs, median 5 2 cubs, n 5 11) and was determined by the investigators 63.7 days after parturition (SE 5 21.4 days, range 12-139 days, n 5 6; Table 2 ). Litters were not examined at birth, and therefore litter sizes likely were underestimated. Litter sex ratio of the cubs that were sexed was 3 males : 11 females (21% male : 79% female) for 10 litters (Table 2 ). Direct observations indicated that litter mortalities were due to lions (n 5 1), infanticide (n 5 4), and other leopards (n 5 1; Table 2 ). Adult sex ratios over the study period were 22.9% males and 77.1% females (1 6 0.1 male, 5 6 0.5 females, n 5 6 6 0.6).
Reproductive success.-Reproductive rate and success were calculated for the 4 females whose reproductive histories were known and whose ages could be calculated with an accuracy of within 6 months. An error of 6 months in age estimation is unlikely to have an effect on the accuracy of the reproductive calculations, because age was used as a measure of the onset of sexual maturity and longevity. Of the 2 subadult females (F1 and F2), F1 gave birth to her 1st litter (February 2002) at 38 months of age, and F2 gave birth to her 1st litter (January 2002) at 35 months of age. Of the 2 females that produced litters prior to this study (F3 and F4), F3 (5 years old in October 2001) was still associating with 2 male cubs (11 months old). Her 1st litter (female cub) was born in 1999. F4 (4 years old in February 2002) continued associating with a male and female cub (10 months of age), and this was assumed to be her 1st litter.
Mean reproductive rate was 1.6 cubs female 21 year 21 (SE 5 0.3 cubs female 21 year 21 ), with a mean of 0.8 cubs surviving to 12 months of age (SE 5 0.1 cubs; Table 3 ). Assuming females were reproductively active for 9 years from 3 to 12 years of age, predicted mean total lifetime productivity would be 14.5 cubs (SE 5 1.4 cubs) and predicted mean total reproductive success would be 6.9 cubs (SE 5 0.9 cubs). Although females were reproducing at an average 1.6 cubs/ year, average productive life span was 6.6 years (SE 5 0.9 years), which was shorter than the expected 12 years for leopards in the wild (Daly et al. 2005 ; Table 3 ). Of 7 females monitored in this study, all died at ages , 10 years. The oldest female (F3), who lived to 9 years, had produced 6 litters with a total lifetime production of 8 cubs as opposed to a predicted 15 cubs, and had achieved reproductive success of 4 as opposed to a predicted 7 cubs (Table 3) . Mean reproductive success for all females monitored was 4 cubs/female (SE 5 0.81 cubs/ female, range 3-5 cubs/female, n 5 4).
Seasonality.-Although consortships occurred year round, 62% of consortships (n 5 47) occurred from late spring to early autumn (October to March), with 2 peaks in November and January (Fig. 1) . A similar pattern occurred in consortships resulting in conception (n 5 15), with 67% occurring between October and April and 2 conception peaks, 1 in late spring-early summer and another in autumn (Fig. 1) . Periods of conception differed from expected (Z 5 1.63, n 5 12 months, P 5 0.01), with at least 1, and possibly 2, peaks. These 7 females gave birth in all months except May and December (n 5 15 litters), with births most frequent over June and July (33%) and January and February (27%; Fig. 1 ).
DISCUSSION
Karongwe is a small, enclosed reserve with artificially high numbers of herbivores that sustain predators and ensure a high number of sightings for ecotourism. Although the game fence was no barrier to leopards, herbivores were prevented from leaving the reserve, and this provided a constant, year-round food supply for predators that could affect their reproductive parameters and population sizes. Higher reproductive rate did not translate into higher lifetime reproductive success for female leopards on Karongwe Game Reserve. Although the high-nutrient environment enhanced reproductive measures, adult female survival was lower than expected, reducing the reproductive success of the population.
Our observations of leopard mating behavior match previous descriptions (Hancock 2000; Laman and Knott 1997) . However, reproductive parameters, with the exception of gestation length, were shorter than described previously, which we believe reflects removal of resource limitation (Laurenson et al. 1992; Rattray 1997) . Reproductive parameters are affected by nutritional quantity and in food-abundant populations, reproductive output increases through increased pregnancy rate, rapid maturity, higher survival, or a combination of these (Mduma et al. 1999; Sinclair et al. 1985) . Gestation length of 95.5 days agrees with other studies (Eaton 1977; Hemmer 1976; Sadlier 1966; Skinner and Smithers 1990) and could be linked less to nutrition than other reproductive parameters.
Interestrous intervals in this study (22.5 days) were shorter than in other leopard studies (32.9 days [Bailey 1993 ], 45.8 days for captive leopards [Eaton 1977] , and 25.3 days [Sadlier 1966] ) and, we believe, are close to the minimum for leopards. Similarly, interbirth intervals were shorter (14 months) than the published range of 17.1-28.8 months (Bailey 1993; Le Roux and Skinner 1989; Schaller 1972) . Unlike female leopards in other studies (Bailey 1993; Muckenhirn and Eisenberg 1973; Schaller 1972) , females gave birth annually over 3 consecutive years, possibly indicating they were well nourished. Lynx (Lynx canadensis) in areas of high hare (Lepus americanus) density were more likely to breed every year than those in areas where hares were scarce (Sunquist and Sunquist 2002) . Leopard cubs on Karongwe attained independence at 11.6 months, shorter than published data (13-18 months-Bailey 1993; Le Roux and Skinner 1989; Seidensticker and Lumpkin 1991; Skinner and Smithers 1990) . Enhanced resource availability can reduce age to sexual maturity (Sadlier 1969) . The cost of dispersal among asocial species is high (Packer 1986; Wrangham and Rubenstein 1986) , and the majority of other large felid cubs disperse at around 1-2 years (Jackson and Ahlborn 1988; Mondolfi and Hoogesteijn 1986; Smith 1984) . Timing depends on social circumstances and resource availability (Sunquist 1983) . We believe improved resource availability reduced time to maturation, and thus, dispersal in leopards on Karongwe. However, because of small sample sizes, generalizations based on our findings should be made cautiously.
Leopards may be responding facultatively to a constant, year-round food supply by incorporating a 2nd birth peak in midwinter. Lactation and feeding of young are the most energy-consuming activities related to reproduction (Bronson 1989; Clutton-Brock 1991; Sadlier 1969) , and females typically should not give birth in the winter dry season because of a lack of cover and limited food (Bailey 1993) . Prey of leopards at Karongwe Reserve, however, moved into the thick, evergreen vegetation along the rivers in winter where leopards hunt. Winter births in June-July would ensure abundant food for lactating females, because prey congregated in the rivers where vegetation remained greener longer. Females were able to hunt easily to feed cubs weaned during the birth season of prey in November, and cubs would learn to hunt prey (6-month old cubs can catch their own preyTurnbull-Kemp 1967). The study by Persson (2005) on wolverines (Gulo gulo) showed higher reproduction in females supplemented with additional food and suggests that reproduction can be limited by winter food availability.
Females living in high-nutrient environments are expected to grow and reproduce faster, resulting in higher population growth rate (Sibly and Hone 2002) . This maximum productivity was evident with increasing population numbers until 2003, when intraspecific competition stabilized the population through effects on reproductive output and mortality rates. Seven territorial females died, and therefore female average life expectancy was shorter than expected, resulting in lower lifetime reproductive success. Higher reproductive rate therefore did not translate into higher lifetime reproductive success. Shorter life span was compensated for, to an extent, by female recruitment; however, males that obtained territories in 2005 killed subadult females and all previously sired cubs. Death of cubs through infanticidal killing lowered female reproductive success. These results were mirrored in tigers (Panthera tigris altaica- Kerley et al. 2003) , which suffered mainly from human-related mortalities. If the leopard population was subjected to added human-related mortality, population recovery could be affected negatively (Balme and Hunter 2004) .
Territories expanded and retracted depending on the number of females; however, even at peak population size, the number of territorial females never exceeded 6, which suggested a maximum number of territories available on the reserve (Lopez-Sepulcre and Kokko 2005). Average female territorial sizes of leopards on Karongwe (11.2 km 2 , SE 5 2.0 km 2 , range 3.7-31.1 km 2 , n 5 17-C. Owen, pers. obs.) were comparable to those of other Acacia woodland studies (11.3 km 2 [Bailey 1993 ] and 14.4 km 2 [Hamilton 1976] Reproductive parameters affect population growth. Knowing the effects of various social or environmental factors, or both, on these parameters can help wildlife managers predict population responses to different conditions and enable them to manage effectively. With the exception of P. p. pardus, all subspecies of P. pardus are classified as endangered or extinct (Wozencraft 2005) . Accurate reproductive data available from healthy populations of this subspecies provide valuable information for assisted reproductive technologies (i.e., artificial fertilization), and the effective management of endangered subspecies in captivity and in the wild.
In addition to providing the 1st comprehensive description of leopard reproductive biology, our results are especially pertinent to conservation management of large predators in nutrient-rich environments. Most reproductive parameters indicated a facultative response of faster reproduction when resources are abundant. These results offer encouragement for founding new populations of endangered felids in areas of high resource abundance. However, additional work is needed on the conservation implications of enhanced resource availability and whether resource availability is a primary determinant of adult female mortality or whether high mortality is a product of the leopard social system (Balme and Hunter 2004) .
